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INTRODUCTION 


Our  previous  studies  pertaining  to  T  cell  costimulatory-based  immunotherapies  of  murine  prostate  cancer  [1- 
9],  as  well  as  antitumoral  immunotherapeutic  studies  by  our  collaborators  and  others  [10-14],  underscore  two 
principle  points:  1 )  immunotherapies  (including  CTLA-4  blockade)  may  prove  particularly  effective  when  tumor- 
induced  impairments  in  host  immune  function  are  minimized  -  for  instance,  by  diminishing  tumor  burden  and/or 
reducing  the  capability  of  tumor  cells  to  elaborate  immune  inhibitors;  and  2)  prior  interventions  that  successfully 
overcome  host  tolerance  to  prime  a  prostate-specific,  cell-mediated  immune  response  should  greatly  facilitate 
antitumoral  responses  bolstered  by  immunotherapies  such  as  CTLA-4  blockade.  Hence,  to  address  these  two 
points  within  the  context  of  developing  potent  immunotherapeutic  approaches  for  the  treatment  of  prostate  cancer, 
we  originally  proposed  to  test  whether  androgen  ablation  might  prove  useful  as  a  “first  step”  in  converting  prostate 
tumors  into  their  own  “ in  situ  vaccines ”  to  facilitate  a  response  to  immunotherapy.  The  mechanism(s)  we  envisioned 
whereby  androgen  ablation  might  induce/facilitate  immunotherapeutic  responses  are  encompassed  in  two  non- 
mutually  exclusive  paradigms.  In  the  first  paradigm,  androgen  ablation  reduces  tumor  burden  thus  reducing  the 
number  of  tumor  cells  that  must  be  eliminated  by  an  immune  response  raised  by  CTLA-4  blockade.  Additionally, 
reduction  of  tumor  burden  or  downregulation  of  tumor  cell  function  by  androgen  ablation  may  partially  alleviate 
some  immuno-suppressive  effects  of  the  tumor  upon  APC  and  T  cell  function.  In  the  second  paradigm,  androgen 
ablation  results  in  the  recruitment  of  immune  cells  into  tumor  sites.  Moreover,  androgen  ablation-induced  prostate 
cell  death  might  result  in  greater  availability  tumor-derived  antigens  that  can  be  appropriate  by  host  APC  for 
presentation  to  induce  antigen-specific  activation  of  T  cells  whose  action  can  be  potentiated  by  immunotherapies 
such  as  CTLA-4  blockade  -  somewhat  analogous  to  the  capability  of  CTLA-4  blockade  to  markedly  exacerbate  pre¬ 
existent  pathologic  inflammatory  processes  such  as  murine  experimental  allergic  encephalomyelitis. 

BODY 


Our  current  DOD  proposal  is  intended  to  address  our  overall  hypothesis  that:  Androgen  ablation  combined 
with  CTLA-4  blockade  immunotherapy  can  diminish/prevent  the  progression  of  prostate  cancer  that 
inevitably  occurs  following  androgen  ablative  therapy  alone.  The  following  annual  report  summarizes  our 
progress  between  January  to  December  2001  in  testing  this  overall  hypothesis  by  addressing  three  separate  aims  we 
previously  outlined: 

Specific  A  im  L  To  Histologically  and  functionally  characterize  immune  cells  that  infiltrate  prostate  tumors 
following  androgen  ablation. 

Specific  Aim  2.  To  test  the  hypothesis  that  in  vivo  CTLA-4  blockade  can  diminish  the  progression  of  prostate 
cancer  that  inevitably  occurs  following  androgen  ablative  therapy  alone. 

Specific  Aim  3.  To  test  the  hypothesis  that  in  vivo  activation  of  host  antigen  presenting  cells  can  potentiate 
antitumoral  responses  raised  by  the  combination  of  androgen  ablation  and  CTLA-4  blockade 
immunotherapy. 
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In  year  1  of  this  project,  we  completed  the  objectives  of  our  original  Specific  Aim  1.  Data  from  these 
experiments  showing  that  castration  raises  T  cell-mediated  inflammation  within  the  murine  prostate  were 
comprehensively  summarized  in  our  previous  Technical  Report  to  the  DOD  for  the  interval  between  January  and 
December  2000.  Over  the  last  year,  we  have  been  conducting  experiments,  as  outlined  in  our  Statement  of  Work,  to 
complete  experiments  outline  in  our  original  Specific  Aims  2  and  3.  These  experiments  requiredhybridoma 
production  of  22  mg  of  anti-CTLA-4  (9H10  cells)  monoclonal  antibody,  the  breeding  homozygote  TRAMP  mice 
with  C57BL/6  mates  to  generate  150  heterozygote  males  for  establishment  of  treatment  cohorts,  and  hybridoma 
production  of  210  mg  of  AntiCD40  rat  monoclonal  antibody  (10C8  cells).  In  Year  2,  we  demonstrated  that 
castration-induced  T  cell-mediated  inflammation  in  the  prostates  of  TRAMP  mice  is  apparently  potentiated  by 
systemic  (intraperitoneal)  combined  anti-CD40  and  anti-CTLA-4  administration.  In  these  experiments,  cohorts  of 
twelve  week-old  adult  post-pubertal  TRAMP  mice  (n=25  each  cohort)  underwent  castration  on  Day  0  of  the 
experiment.  Non-castrated  cohorts  of  mice  served  as  non-androgen  ablated  controls  for  this  study.  At  day  3 
following  castration,  the  treatment  cohorts  received  a  single  IP  injection  of  anti-CD40  antibody  (500  ug)  to  promote 
host  APC  activation  -  including  especially  those  APC’s  infiltrating  prostate  tissues  following  castration.  Control 
(non-immunotherapy-treated)  cohorts  received  irrelevant  control  IgG.  Furthermore,  mice  that  received  anti-CD40 
additionally  received  I.P.  injections  of  100  ug  of  anti-CTLA-4  on  days  4, 7  and  10  following  castration.  Likewise, 
non-immunotherapy-treated  mice  received  corresponding  control  IgG.  All  mice  were  sacrificed  two  weeks  following 
completion  of  antibody  treatment.  Immunohistochemical  analysis  of  prostates  recovered  from  non-castrated 
TRAMP  mice  revealed  that  combined  anti-CD40  +  anti-CTLA-4  treatment  failed  to  significantly  increase  levels  of 
prostate  CD3  T  cells  within  the  prostate.  In  contrast,  and  as  we  have  previously  shown,  non-immunotherapy-treated 
castrated  TRAMP  mice  revealed  increased  levels  of  prostate  CD3  T  cells.  Finally,  administration  of  combined  anti- 
CD40  +  anti-CTLA-4  treatment  to  castrated  TRAMP  mice  appears  to  further  enhance  levels  of  CD3  T  cells 
infiltrating  the  TRAMP  prostate.  In  year  3,  we  initiated  a  number  of  exploratory  experiments  to  extend  our  studies 
to  elucidate  mechanisms  whereby  castration  might  induce  prostate  inflammation  to  facilitate  immunotherapeutic 
responses  within  the  prostate.  These  extended  studies  are  of  particular  interest  to  us  since  we  have  recently  shown 
(and  published  [15])  that  androgen  ablative  therapy  in  men  with  prostate  cancer  raises  T  cell-mediated  prostate 
inflammation  similar  to  that  observed  in  the  TRAMP  model  (as  well  as  in  normal  C57BL6  mice).  Our  current  line 
of  investigation  is  to  test  the  general  hypothesis  that  androgen  withdrawal  augments  host  T  cell-mediated  immunity 
by  lowering  the  overall  threshold  for  T  cell  co-stimulatory  activation/proliferation.  The  impetus  for  this  avenue  of 
study  has  been  provided  by  previously  published  reports  that:  1 )  castration  of  post-pubertal  animals  can  potentiate  B 
and/or  T  cell-mediated  responses  against  various  pathogens  or  tissue  allografts  [16];  2)  castration  profoundly 
stimulates  T  and  B  cell  lymphopoiesis  in  postpubertal  rodents  [16,  17]  -  implying  that  certain  restrictions  on 
lymphocyte  proliferation  and/or  activation  might  be  lifted  upon  withdrawal  of  androgen  and;  3)  clinical  prostate 
cancer  progression  might  be  modulated  by  systemic  host  immune  responses  apparently  triggered  upon  androgen 
deprivation  [18-21].  During  the  course  of  these  experiments  we  have  found  that  T  cells  infiltrating  normal  and 
TRAMP  murine  prostate  tissues  exhibit  clonotypic  TCR  V/3  8.3  gene  usage  (as  is  observed  in  men  with  prostate 
cancer),  consistent  with  prostate  tissue/tumor-specific  responses  triggered  by  androgen  deprivation.  Hence,  we  have 
extended  our  studies  to  elucidate  mechanisms  whereby  castration  might  induce  prostate  T  cell  inflammation.  One 
hypothesis  that  we  are  presently  testing  is  that  androgen  withdrawal  augments  host  T  cell-mediated  immunity  by 
lowering  the  overall  threshold  for  T  cell  co-stimulatory  activation/proliferation.  In  support  of  this  hypothesis,  we 
have  been  able  to  demonstrate  that  T  cell  and  B  cell  (IgG)  responses  against  the  nominal  antigen,  TNP-OVA,  are 
enhanced  by  castration  (androgen  withdrawal)  in  vaccinated  C57BL/6  mice.  Similarly,  T  cells  recovered  from 
castrated  mice  appear  to  exhibit  increased  reactivity  to  alloantigens  (in  allo-MLR)..  Also,  anti-TRAMPCl  T  cell- 
mediated  responses  are  enhanced  by  castration  in  mice  primed  (vaccinated)  with  GM-CSF/B7-expressing 
TRAMPC 1  vaccines.  We  have  further  observed  that  castration  produces  an  increase  in  host  levels  of  B  lymphocytes 
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and  T  cells  in  vivo  as  evidenced  by  a  broad  and  uniform  increase  in  CD4+  and  CD8+  T  cell  numbers  within  thymii, 
lymph  nodes  and  spleens  of  castrated  mice.  To  further  establish  a  mechanistic  basis  for  the  enhanced  T  cell 
reactivity  that  is  observed  following  castration,  in  recent  studies  we  have  observed  that  T  cells  recovered  from 
castrated  mice  proliferate  at  much  higher  rates  in  response  to  variable  concentrations  of  anti-CD3/anti-CD28- 
mediated  costimulation  relative  to  T  cells  recovered  from  sham-castrated  mice.  Moreover,  we  have  observed  that  T 
cells  from  castrated  mice  exhibit  enhanced  responses  to  accessory  costimulation  provided  by  ligation  of  T  cell  0X40 
and/or  4-1BB  receptor.  These  observations  are  summarized  in  a  recently  prepared  manuscript  that  is 
currently  under  review  [see  below  In  Preparation  Section,  ref.  A].  Finally,  using  differential  gene  expression 
methods,  we  have  determined  that  enhanced  responses  by  T  cells  from  castrated  mice  apparently  arise  from 
alterations  in  expression  of  T  cell  signaling  and  transcriptional  genes.  At  present,  we  are  validating  these  gene 
changes  by  QT-PCR  and  western  blot  analysis.  Collectively,  the  above  studies  suggest  that  castration  lowers  the 
overall  threshold  that  is  required  for  T  cell  costimulatory  activation.  Such  studies  provide  compelling  support  for 
the  potential  of  androgen  withdrawal  as  a  viable  means  to  facilitate/potentiate  responses  to  immunotherapy. 

In  summary,  our  studies  strongly  support  a  potential  for  CTLA-4  blockade-based  immunotherapy  as  a 
treatment  for  prostate  cancer.  Moreover,  we  have  now  demonstrated  that  standard  therapies  for  advanced  prostate 
cancer  (i.e.  androgen  withdrawal)  may  greatly  facilitate  immunotherapeutic  responses.  Such  improvements  in 
prostate  cancer  treatment  are  desperately  needed  to  enhance  treatment  responses  and  patient  survival-  especially  for 
those  patients  advanced  prostate  cancer.  Thus,  it  is  hoped  that  our  studies  will  ultimately  prove  extremely  important 
to  the  ultimate  goal  of  improving  advanced  prostate  cancer  treatment  (by  immunotherapy)  as  well  as  our  overall 
understanding  of  the  immunobiology  of  prostate  cancer. 
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CONCLUSIONS 

Observations  emanating  from  our  current  studies  collectively  support  the  hypothesis  that  castration  causes 
prostate  tumor  infiltration  by  both  antigen  presenting  cells  and  T  cells  with  potential  antitumoral  effector 
capabilities.  Such  a  response  might  serve  as  a  useful  “first  step"  to  prompt  host  prostate  tumors  (both  primary  or 
metastatic)  to  act  as  their  own  in  situ  vaccines  to  “ jump-start "  anti-prostate  cancer  immune  responses.  To  date, 
we  have  characterized  this  response  and  have  shown  that  two  promising  immunotherapies,  CTLA-4  blockade 
and/or  anti-CD40  treatment,  can  act  synergistically  with  castration  to  induce  T  cell-mediated  responses  against 
prostate  tumors  in  the  immunocompetent  TRAMP  mouse.  Our  work  has  further  provided  the  basis  for  clinical 
phase  I  testing  of  CTLA-4  blockade  for  the  treatment  of  prostate  cancer.  Additionally,  our  current  studies  have 
provided  the  scientific  foundation  for  a  DOD-sponsored  clinical  phase  II  trial  that  will  begin  later  this  year 
to  test  whether  androgen  ablative  therapy  +  anti-CTLA-4  administration  can  be  used  to  induce/potentiate  T  cell- 
mediated  anti-prostate  tumor  responses  in  men  with  advanced  prostate  cancer.  Finally,  our  current  exploratory 
studies  may  elucidate  additional  mechanisms  whereby  hormone  therapy  modulates  T  cell-mediated  immunity.  Such 
studies  may  reveal  additional  novel  strategies  to  markedly  potentiate  antitumor  responses  during  immunotherapeutic 
intervention  during  prostate  cancer  treatment. 

APPENDICES:  NONE 
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